To evaluate the long-term results of surgical treatment of proximal interphalangeal (PIP) joint contractures, 68 PIP joints were retrospectively reviewed with a minimum follow-up period of 24 months. Preoperative and intraoperative factors were studied for outcomes and subjected to statistical analysis. Among the total group the average improvement was 7.5°. When grouped by diagnosis into simple (less severe diagnoses) and complex (more severe diagnoses) the average degrees gained were 17.2°and 0.5°, respectively. The statistically significant factors that were identified that affected results were age, number of prior procedures, preoperative flexion, removal of an exostosis, number of structures addressed, and preoperative arc of motion. The second surgery (joints requiring repeat release or salvage procedure) rates were 35% overall, 29% simple, and 39% complex; the difference was not significant. The best surgical candidate is a patient younger than 28 years with a less severe diagnosis and who has preoperative maximum flexion measurement Ͻ 43°. (J Hand Surg 2002;27A:799 -805.
Contracture of the proximal interphalangeal (PIP) joint can lead to substantial functional deficits, especially when severe or affecting multiple fingers. The causes of motion loss are diverse and can lead to a finger that is unable to be extended (i.e.,flexion contracture) or one that cannot be flexed (extension contracture). Loss of both flexion and extension can be observed in the same PIP joint. Pathoanatomy differs depending on the type of contracture; however, the goal of restoring a maximum of stable, painless motion remains a therapeutic challenge whether nonsurgical or surgical treatment is chosen. Hume et al 1 reported the functional range of motion for the PIP joint to be 36°to 86°with a mean range of motion of 61°.
In 1954 Curtis 2 reported on patients with both flexion and extension contractures and delineated the pathologic structures involved in both types. In the existing literature discrepancies exist and comparison is, at best, difficult given the often dramatic differences among them. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Of all the assertions made, only one study supports its conclusions with statistical analysis. 16 Lack of predictable results when compared with those already reported in the literature prompted a retrospective review of a regional hand center's experience. The goal of this study was to provide statistically supported analysis of a large series of patients with PIP joint contractures with long-term follow-up evaluation of more than 24 months. The study was to include the maximum number of diagnoses without regard to sever-ity to identify which demographic, preoperative, and intraoperative factors affected outcome of the procedure. Diagnoses that were potentially progressive or that would obscure the isolated study of contracture management were excluded.
Materials and Methods
From July 1988 to August 1997 all cases of PIP contracture that were managed surgically at the Curtis National Hand Center were reviewed retrospectively. Approval for research on human subjects was gained from the institutional review board before the study began. This study defined an extension contracture as an arc of motion with the median of the arc at Յ45°and a flexion contracture Ͼ45°. A total of 143 PIP joints were identified with a minimum of 24 months follow-up evaluation unless the finger had a second surgery for recurrent contracture. Repeat procedures included another (a second) surgical release or a later salvage procedure such as implant arthroplasty, fusion, or amputation. The indications for the repeat or salvage procedure ranged from unacceptable gain in motion to loss of motion as a result of the index procedure; specific objective criteria did not exist. Patients with Dupuytren's disease, congenital malformations, flexor tendon lacerations, replantations, and previous implant arthroplasty were excluded from the study. The remainder of the diagnoses encountered were collateral ligament injury, laceration, postimmobilization contracture, fracture, dislocation, reflex sympathetic dystrophy (RSD), severe crush, and revascularization. After excluding 34 PIP joints based on diagnosis, 109 PIPs were acceptable for study, of which 41 were lost to follow-up evaluation or chose not to participate.
A total of 68 PIP joints in 44 patients were available for analysis of which 24 (35%) required a second surgery, 8 (12%) for salvage and 16 (23%) repeat release. Those lost to follow-up evaluation were equivalent to the study group in terms of demographics, diagnoses, and so forth. A single investigator who was not involved in providing any care for the patients reviewed charts on these cases managed by 10 different surgeons. The surgeons at the Curtis National Hand Center essentially used the technique described by Curtis 2 to treat contracted PIP joints surgically, with essentially no variations in technique except for attempting to preserve the transverse retinacular ligament. Multiple therapists were involved in the postoperative care but all patients received immediate therapy consisting of edema control, pain management, initiation of active range of motion within 48 hours of the procedure, gentle passive stretching, scar management (once the wound was healed), dynamic day and static night splinting for 3 to 5 months, introduction of functional activities as early as possible, and grip strengthening starting at 6 weeks (8 -10 wk if tenolysis was performed). 17 Patients were managed in therapy until progress diminished markedly or range of motion stabilized.
Chart review recorded demographic data including age, surgeon, gender, hand dominance, finger(s) affected, duration of follow-up evaluation, and whether the case was workers' compensation related. Preoperative factors noted included diagnosis, number of previous procedures, duration of contracture, and measurements of active flexion, extension, and total arc of motion. Surgical reports were used to verify specific structures as well as the total number of structures treated by either mobilization or release. Specific structures identified included skin, extensor tendons, intrinsic tendons, central slip, dorsal capsule, lateral bands, collateral ligament proper, accessory collateral ligament, transverse retinacular ligament, exostosis/bony abnormality, volar plate, volar recess, check-rein ligament, flexor tendons, flexor sheath, and application of external fixation.
The patients were evaluated by completing the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire and answering the additional question of whether they were satisfied with the result of their surgery. They were then evaluated objectively by a single certified hand therapist by measurement of active range of motion in the PIP joint including maximum flexion, maximum extension, and total arc of motion. Grip strengths were measured as well by using a Jamar dynamometer (Sammons Preston, Bolingbrook, IL). Reoperated PIP joints having salvage procedures (8) could not be included in the objective postoperative measurements when fusion (2), amputation (1), or silicone hinge implants (5) were performed; those who had repeat releases (16) were included.
Average gains in arc of motion were calculated for the group, specific diagnoses, and specific factors. Analysis included Student's t-test and analysis of variance performed for comparison of the aforementioned. Similarly second surgery rates were calculated and compared with logistical regression. To determine what factors affected the outcome of arc of motion gained, correlation coefficients were calculated for gender, surgeon, dominance, finger affected, workers' compensation, age, duration of follow-up evaluation, duration of contracture, preoperative maximum extension, maximum flexion, total arc of motion, and number of structures released. Logistical regressions on the structures addressed in the procedure were done to determine which structures had a significant affect on outcome based on arc of motion gained. Based on the results of factors significantly correlating with arc of motion gained, quartile analysis at 20% cumulative percentile intervals was performed by using analysis of variance to determine if exact threshold or cut-off values could be determined.
Results
The average age of patients at the time of surgery was 43 years (range, 15-77 y). Thirty-eight PIP joints were in men and 30 in women. The basis for all data analysis was the 68 PIP joints studied. The average duration of follow-up evaluation was 35 months (range, 3-80 mo) (the only patients with less than 24-mo follow-up who were included were the second surgery patients). The index finger was involved in 8 cases, middle finger in 19, ring in 16, and the littlein 25. Workers' compensation was involved in 28 of the cases(41%). The distribution of subjects within the diagnoses encountered was 8 collateral ligament injuries, 1 laceration, 5 postimmobilization contractures, 9 fractures, 1 dislocation, 20 complex regional pain disorder (CRPD) (diagnosis supported by 3-phase technetium bone scan), 17 severe crushes, and 7 revascularizations. There were 49 flexion contractures and 19 extension contractures. Twenty-two PIP joints had no previous surgery whereas 31 had 1 prior procedure, 10 had 2, 4 had 3, and 1 had 5 prior procedures. Prior procedures included open-reduction internal fixation (29 procedures in 28 PIP joints), irrigation and debridements (16 in 13), revascularizations (7 in 7), repair of lacerations (2 in 2), and contracture release (12 in 12) . The average duration of contracture was 11 months with a range from 3 to 84 months. The average preoperative arc of motion was 22°with a range from 0°to 65°. The average number of structures addressed was 4.7 (range, 1-8) ( Table 1) .
The average arc of motion gained in the entire group was 7.5°(range, 35°loss to 70°gain). Twenty patients (29%) lost motion as a result of the procedure. Analysis of variance was then performed on the parameter of arc of motion gained/lost after separation by diagnosis. The preliminary analysis showed sharp contrast between certain diagnoses. Based on this observation, the diagnoses of collateral ligament injury, laceration, fracture, dislocation, and postimmobilization contracture were classified as "simple" and the diagnoses of CRPD, crush, and revascularization were classified as "complex." There were 24 PIP joints in the simple group and 44 in the complex. The average arc of motion gained in the simple group was 17.2°(range, 24°loss to 70°gain) and 0.5°( range, 35°loss to 20°gain) in the complex group, the difference was statistically significant (p ϭ .008) by using Student's t-test. Of those patients who lost motion as a result of operation, 2 (8%) were in the simple group and 18 (40%) were in the complex group, this difference was also significant by using logistical regression (p Ͻ .05). The differences in average arc of motion gained with extension (14.3°) and flexion (5.8°) contractures was not significant by the Student's t-test. Seven PIP joints from the simple group (29%) and 17 from the complex group (39%) required a second surgery; this difference was not statistically significant by logistical regression. Second surgery included salvage and repeat contracture release. These rates reflect the number of PIP joints requiring a second procedure for the same problem once the patient presented to us. Fifteen flexion (31%) and 9 extension contractures (47%) had a second surgery, with the difference significant by logistical regression (p Ͻ .05; Tables 2, 3). 
Analysis of Factors Affecting Outcome
A negative correlation for age (R ϭ Ϫ.3529) was found to be significant at p Ͻ .01. Negative correlations for preoperative maximum flexion (R ϭ Ϫ.4501) and preoperative arc of motion (R ϭ Ϫ.3941) were found to be significant at levels p Ͻ .05 and .01, respectively. The Spearman correlation was calculated for the number of prior procedures (Ϫ.3405) and a negative association was found that was significant at p Ͻ .05 (Table 4) .
The only structure whose release had a significant affect on increasing the arc of motion gained was an exostosis with p ϭ .001 by using logistical regressions. Logistical regressions determined that increased age (p ϭ .04), decreased duration of contracture, and increased number of structures released (p ϭ .03) were found to be a discriminator for cases more likely to require a second surgery, and increased preoperative arc of motion (p ϭ .05) less likely to require a second surgery (Table 5) .
After adjusting for other variables that had significant impact on outcome, quartile analysis showed patients younger than 28 years gained more arc of motion than those older than 43 years, significant at p ϭ .05. Preoperative maximum flexion measurement of Ͻ43°gained more than those measuring Ն90°, significant at p ϭ .05. The average arc of motion gained in patients younger than 28 years was 24.0°, and for those older than 43 years was 1.5°; for PIP joints with preoperative maximum flexion Ͻ43°w as 30.6°, and for Ͼ90°was Ϫ2.6°(maximum flexion angle includes both flexion and extension contractures).
Postoperative grip measurements for the entire sample averaged 25 kg for the hand that had surgery and 33 kg for the opposite hand, significant at p ϭ .005 by using Student's paired t-test. Calculation of a correlation coefficient for surgical hand grip strength and arc of motion gained showed that grip strength increased with increasing arc of motion (R ϭ .4740) and was significant at the p ϭ .01 level. Grip strength was 29 kg versus 30 kg (opposite hand) for the simple group and 23 kg versus 35 kg for the complex group. The differences between the groups was not significant by Student's t-test.
Increasing DASH score showed a significant negative correlation (R ϭ Ϫ.3594) with arc of motion gained (p Ͻ .05). As designed, as hand function improves, DASH score decreases. The mean DASH postoperative score was 71 for the patients evaluated. Patient satisfaction with the procedure had no significant correlation with any parameter studied.
Discussion
Review of the literature since Curtis' study 2 in 1954 revealed better results of arc of motion gained than what we found. Curtis' surgical strategy 2 emphasized the possible multiplicity of lesions and the continuum of surgical techniques required to address the contracture. This technique preserved the transverse retinacular ligament for PIP joint stability. Conservative treatment for extension contracture was recommended if the patient was able to flex to within 1 inch (2.5 cm) of the distal palmar crease. Results were reported in both distance from full extension to the palm and angular measurements. No average gains were reported and no statistical analysis of the results was performed. Curtis noted that the more anatomic structures that had to be released to correct the contracture, the worse the result and that an increase of only 20°to 30°of motion could allow use of the hand for work.
Since that report others have sought to refine the indications, suggest alternative techniques, and/or show expected outcomes. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In 1976, Sprague 6 reported 23°to 34°arc of motion gains with extension, and 13°with flexion contractures. In 1977 Harrison 7 reported a 55°improvement in arc of motion for extension, 31°for "neutral," and 24°for flexion contractures. Young 16 reported a 30°to 50°i mprovement. Other studies reported results by using alternate means such as subjective descriptions (ie, "full"), extension deficits, measurements to the palm, or not reporting averages. [2] [3] [4] [5] 11, 15 Unfortunately the earlier-mentioned literature varied significantly in size of samples, preoperative diagnoses, inclusion and exclusion criteria, definition of contracture types, indications for surgery, surgical technique, duration of follow-up evaluation, and use of statistical analysis. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In fact, only the study by Bruser et al included any statistical analysis of the results. 16 Comparisons are challenging for these reasons.
We were able to identify certain preoperative and intraoperative factors that were associated with lesser outcomes (decreased arc of motion gained and increased rate of recurrent contracture requiring second procedure) including diagnosis, age, preoperative flexion, preoperative arc of motion, number of prior procedures, number of structures addressed, and removal of an exostosis. The ideal candidate for surgical management of the contracted PIP joint has a "simple" diagnosis, is younger than 28 years, and has a preoperative maximum flexion measurement of Ͻ43°. At ages 43 years or older and as preoperative maximum active flexion angle increases to 90°, the expectation of favorable outcomes decrease. We do not recommend surgery on patients older than 43 years or with preoperative maximum active flexion angle measurement of Ͼ90°, regardless of type of contracture; nor for patients with severe crush, revascularizations, and RSD as a preoperative diagnosis. Indeed, the chances of loss of motion were highest in such patients. Our study supports some of the trends identified in the previous literature and identifies 2 new factors.
In prior studies, the first problem identified was the loss of motion over time after the procedure. 6,7,14 -16 Sprague 6 first showed the eventual loss of the postoperative gains at 1-year follow-up evaluation. Four later series 7,14 -16 reported better results but had differences in duration of follow-up evaluation in reporting of results, included and excluded diagnoses, and distribution of diagnoses when compared with our series. Of note in our series, duration of follow-up evaluation had no significant correlation to arc of motion gained. It is our opinion that after 24 months there is probably little difference in expected outcomes.
Gould and Nicholson 10 suggested that diagnosis might influence results with more severe problems gaining less motion; they had results closer to our series with follow-up evaluation ranging from 3 to 32 months. Our study supports the complexity findings of Gould and Nicholson 10 although our results are inferior, possibly based on differences in duration of follow-up period.
Previous series reported that extracapsular procedures carried a worse prognosis than purely capsular procedures 2,3,6,10,11 but others suggest that no difference should be expected. 7, 12 Specific structures have received much attention in the literature such as the collateral and accessory collateral ligaments, the transverse retinacular ligament, and the volar checkrein ligament. 2, 3, 5, 6, 9, 10, 14, 15 Several series found poorer results with increasing number of structures released, 2,3,10 whereas one series found that extent of surgery had no affect on outcome. 7 Of the 18 specific structures assessed in our study only the removal of an exostosis proved to have a significant effect on increasing arc of motion. Like Curtis 2, 3 we found that an increasing number of structures released correlated with a poor outcome. Only one procedure addressed purely capsular structures; thus comparison of capsular and extracapsular procedures was not possible. The absence of purely capsular procedures reflects the tendency toward more severe diagnoses in this study.
Several reports 6, 7, 10, 13 have suggested that extension contractures gain more motion postoperatively than flexion contractures. Our series was weighted toward flexion contracture and did not directly support the previous reports. Although the average gain in arc of motion for the extension contractures was more than that for the flexion contractures, it was not statistically significant. Indirectly, however, increased preoperative flexion measurements correlated with fewer degrees gained. This suggests that extension contractures should fare better. In contrast the second surgery rates suggested that extension contractures fared worse. It is difficult to explain this contradiction. Perhaps the criteria for pursuing further surgery differed between the extension and flexion contracture groups, and valid comparison of the second surgery rates is not possible because of this flaw in the experimental method. Our study does not show a better prognosis with extension contractures.
The data in our series strongly suggest that increased age has a significant negative affect on outcome of surgical release. We are not aware that this has been previously noted; however, in the series reported by Harrison 7 age was not considered to be a factor. In our study the correlation coefficient between age and arc of motion gained, the logistical regression between age and second surgery rate, and the quartile analysis all support that older patients fare worse than younger ones.
The number of prior procedures, including prior release, is a factor in determining outcome. Increasing number of previous procedures correlated with increasing second surgery rate. Unfortunately quartile analysis was not able to provide an exact number of procedures for which one could expect increased likelihood of a poor result.
The finding that increased preoperative arc of motion resulted in fewer second surgeries by logistical regression supports the emphasis in previous reports on maximizing conservative measures before surgical release, a concept first documented by Rhode and Jennings 5 in 1970. Our study also showed 2 expected outcomes that as postoperative arc of motion improved, grip strength and subjective hand function increased.
The studies by Watson et al, 9 Inoue, 12 Diao and Eaton, 14 Abbiati et al, 15 and Bruser et al 16 all made contributions in the surgical technique of PIP contractures. Essentially the technique described by Curtis 2,3 was adhered to with the exception of preservation of the transverse retinacular ligament for all of our procedures. Consequently nothing can be recommended on a change in technique to improve outcome.
It is our opinion that patients be carefully selected and counseled before surgery for contracture of the PIP joint. Although some patients can be helped with operative management, nonoperative measures must be exhausted first. Factors not included in our study, such as postoperative rehabilitation techniques, may be important in determining outcomes and warrant investigation.
